One Lyt-2+ clone and fourteen T-helper clones (Lyt-l L3T4+ Lyt-2-) were isolated from Mycobacterium lepraemurium-infected BALB/c and C57BL/6 mice. All the clones were tested for their ability to transfer delayed-type hypersensitivity adoptively, and six clones were tested for their ability to transfer resistance. It was found that four L3T4+ clones that transferred delayed-type hypersensitivity responses locally and one L3T4+ clone that did not had no effect on resistance. The Lyt-2+ clone transferred increased resistance locally (77% reduction in the numbers of organisms recovered from the infection site) but did not transfer delayed footpad responses.
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Cellular immunologists have continuously discussed whether delayed-type hypersensitivity (DTH) is the basis of resistance against intracellular organisms. Several workers have claimed that there is an association between these two phenomena (4, 5, 13) , whereas opponents of this view have argued that DTH and protection are completely separate phenomena (3, 16) . Orme and Collins (14) clearly demonstrated the involvement of distinct subsets of activated T cells in providing DTH to purified protein derivatives and protection against Mycobacterium tuberculosis. We have demonstrated by using T-cell lines that only L3T4+ cells are required for the transfer of DTH, whereas a cooperation between L3T4+ and Lyt-2+ cells is required for protection against M. lepraemurium infection (S. Hussein, J. Curtis, D. Griffiths, and J. L. Turk, J. Cell. Immunol., in press). We decided to investigate the role of these cells at the clonal level.
MATERIALS AND METHODS
Animals. Female BALB/c and C57BL/6 mice were obtained from Bantin and Kingman Ltd., Hull, United Kingdom.
Preparation of organisms for infection. M. lepraemurium organisms (Douglas strain) were maintained by intravenous passage of 109 organisms in outbred Parkes strain mice which were kept at the National Institute of Medical Research, Mill Hill, London, England. Organisms were obtained from the livers and spleens of these mice and purified by the second method of Draper (7) . The numbers of acid-fast bacilli (AFB) were assessed by the slide method of Hart (ii) M. lepraemurium sonicate. Organisms were prepared from cobalt-irradiated livers and spleens, freeze-dried, and ultrasonicated as described in detail elsewhere (2). * Corresponding author.
In vitro establishment and cloning of mycobacteriumspecific T cells. T-cell clones were prepared from the spleens and draining popliteal lymph nodes of BALB/c and C57BL/6 mice infected for 12 weeks with 108 M. lepraemurium organisms given subcutaneously into the right hind footpad. (Fig. 1A and B) . One L3T4+ clone (CL3) and the Lyt-2+ clone (CS12) from C57BL/6 did not transfer delayed footpad responses (Fig. 1B  and C, respectively) .
The feet of mice injected with the BALB/c clone L23 were fixed and processed for histology. There was a massive infiltration of mononuclear cells in the footpads injected with cloned cells and antigen at both 24 and 48 h. The contralateral footpads injected with cloned cells and PBS contained a slight infiltration similar to that in footpads injected with antigen or PBS alone. There was massive mononuclear cell infiltration in the feet of the recipients of four of the C57BL/6 L3T4+ Lyt-2-clones injected with antigen (including CL6) at 48 h, and at 72 h there was infiltration in the recipients of two other C57BL/6 clones (CL13 and CS17).
Assessment of M. lepraemurium multiplication after adoptive transfer of cloned cells. An attempt was made to transfer resistance locally with the cloned cells by injecting them with the organisms into the footpads of cyclophosphamidepretreated mice. Enough cells were obtained to inject approximately 106 cells of three BALB/c clones with 108 M. lepraemurium organisms into each of 10 recipient mice. Five mice from each group were killed after 4 weeks, and the remaining mice were killed after 8 weeks. Table 1 shows the numbers of AFB recovered after 4 and 8 weeks from the footpads injected with BALB/c clones. The group that received clone L23 (L3T4+) had significantly more (P = 0.018) organisms at 4 weeks, whereas the group that received BALB/c T-cell-enriched spleen cells (60% L3T4+ and 40% Lyt-2+) from mice infected subcutaneously with M. lepraemurium for 12 weeks had significantly fewer organisms (P = 0.03) compared with the control group, which received organisms only. By 8 weeks, these differences had disappeared. The organisms recovered from groups that received the other L3T4+ clones (L2 and L9) were not significantly different from those recovered from the control group. For the transfer of resistance with the C57BL/6 clones, the number of M. lepraemurium organisms injected with the cloned cells was reduced to 2 x 107 because the transfer of resistance in the above-mentioned experiment with the T-cell-enriched spleen cells which were used as a positive control was short-lived and not very significant. Enough cells were obtained to inject approximately 106 cells of each of three C57BL/6 clones into groups of five to eight recipient mice. The mice were killed after 6 weeks, and AFB were recovered ( Table 2 ). The transfer of the L3T4+ clones (CL7 and CL13) had no effect on resistance, whereas the transfer of the Lyt-2+ clone (CS12) or T-cell-enriched spleen cells (60% L3T4+ and 40% Lyt-2+) increased the resistance of the recipients (P < 0.002) as compared with the control group, which received organisms alone.
DISCUSSION
Although it is well known that protective immunity in mycobacterial infections is dependent on T cells (1, 10, 17), there is a considerable controversy as to the role played by DTH reactions in providing protection. We decided to investigate this controversy by deriving T-cell clones from C57BL/6 and BALB/c mice subcutaneously infected with M. lepraemurium; these mice have been classified as the animal models for borderline tuberculoid and borderline lepromatous leprosy, respectively (6) . All of the L3T4+ clones isolated responded to autoclaved M. lepraemurium and cross-reacted with other mycobacterial species. They produced interleukin-2 and a factor(s) which activated macrophages to secrete hydrogen peroxide and superoxide anion (Hussein et al., submitted). The Lyt-2+ clone responded specifically to autoclaved M. lepraemurium, but no other in vitro tests were performed because of the low numbers of cells available. These clones were tested for their in vivo properties, i.e., their ability to transfer DTH and resistance locally. We decided to transfer the cells locally because it is well known that a large portion of cultured cells is trapped nonspecifically in the lungs and liver when transferred systemically (12) .
All six BALB/c clones and seven of eight C57BL/6 clones of the L3T4+ Lyt-2-phenotype transferred specific DTH responses, whereas the L3T4-Lyt-2+ C57BL/6 clone did not. Histological examination of the 48-h response showed that there was a massive mononuclear cell infiltrate in the footpads injected with L3T4+ cloned cells and antigen despite the generally low (<10%) increase in footpad thickness at this time, and there was still substantial infiltration in the feet of recipients of two C57BL/6 clones examined at 72 h. Hence, by using these clones, it was demonstrated that L3T4+ Lyt-2-cells are necessary for the induction of DTH to the soluble antigens of M. lepraemurium, and this confirms our previous findings from T-cell lines of mixed phenotype that L3T4-Lyt-2+ cells do not transfer DTH responses in this system (Hussein et al., submitted; Hussein et al., in press).
Three C57BL/6 clones were tested for their ability to transfer resistance, and it was found that the Lyt-2+ clone increased the resistance of the recipient animals (there was a 77% reduction in the number of organisms recovered from the infection site), whereas the two clones of the L3T4+ phenotype that were studied had no effect. Three BALB/c clones (L2, L9, and L23) of the T-helper/inducer phenotype were also tested for their ability to transfer resistance, and it was found that two clones (L2 and L9) neither enhanced nor inhibited M. lepraemurium multiplication, whereas one clone (L23) enhanced M. lepraemurium multiplication at 4 weeks after transfer. Thus clones of the T-helper/inducer phenotype which transferred DTH responses did not provide protection against M. lepraemurium infection, whereas a Lyt-2+ clone which did not transfer DTH responses did increase resistance. Orme and Collins (14) have shown that Lyt-1+ Lyt-2-cells from M. bovis BCG-infected mice transferred DTH to purified protein derivatives, whereas Lyt-1-Lyt-2+ cells transferred protection against virulent M. tuberculosis. Kaufmann et al. (11) demonstrated that Lyt-2+ clones isolated from Listeria monocytogenes-infected mice lysed L. monocytogenes-infected macrophages. It was suggested that lysis of macrophages in which the intracellular bacteria multiply would lead to reduced microbial multiplication. It could be that our Lyt-2+ clone is cytotoxic for macrophages that harbor the M. lepraemurium organisms.
Recently, Pedrazzini and Louis (15) examined the ability of two T-cell clones of the L3T4+ phenotype derived from BCG-sensitized mice to act as helper cells for antibody production, to transfer DTH responses to purified protein derivaties locally, and to cause the stasis of BCG organisms (which are not pathogenic to mice) in peritoneal cells in vivo. One clone was able to act as a functional T helper for antibody production; the clone did not transfer DTH but caused stasis of BCG in vivo. Another clone transferred DTH and caused stasis of BCG in vivo but did not act as the helper cell in antibody production. In our studies, 13 of 14 L3T4+ clones transferred DTH responses, but the 5 L3T4+ clones tested (one of which did not transfer DTH) did not increase resistance when injected subcutaneously with a pathogenic mycobacterium. One clone (L23) enhanced the infection at 4 weeks, and this result is similar to the findings of Titus et al. (18) , who reported that an in vitro-cultured line of L3T4+ T cells specific for Leishmania major antigen transferred DTH responses but enhanced the development of lesions induced by L. major promastigotes in syngeneic recipients. One of the two clones studied by Pedrazzini and Louis (15) enhanced BCG multiplication in vivo when low numbers of T cells were injected, but this clone did not transfer DTH responses.
